Abstract: 2'-Chloro-6'-diethylaminofluoran and 2'-chloro-3'-methyl-6'-diethylaminofluoran were reacted with various diphenols in dimethyl formamide in the presence of potassium carbonate to give the related bis-fluoran compounds. All the synthesized derivatives were identified by conventional methods (IR, 1 H-NMR), elemental analysis and UV-visible spectroscopy in organic solvent and 95 % acetic acid. All the fluoran compounds change their colour in acidic media.
INTRODUCTION
Fluoran is the commonly used name for spiro[iso-benzofuran-1,9'-xanthen]-3-one. Among the various classes of leuco dyes, fluoran compounds have been used in a variety of fields. These include sublimation transfer printing, thermo indicator, printed circuit writing materials, textile finishing, etc., although recording papers, i.e., carbonless copying paper, and thermo sensitive recording paper are extraordinarily large in volume. 1 A number of ether linked fluoran compounds, such as 2-phenoxy-6-(N-ethyl-N-isoamilamino)fluoran, 2 2-phenoxy-6-diethylaminofluoran, 2 3,6-dimethoxyfluoran, 3 3,6-dimethoxy dilactone fluoran, 4 give clear colour images with high density and low fog showing good storage stability while bis-fluoran compounds, such as 7,7-bis(3-diethylaminofluoran), 5 7,7-bis(3-diethylaminofluoranyl)ketone, 5 7,7'-sulfonyl-bis(3-diethylaminofluoran), 5 2',2"-iminobis(6'-diethylamino)fluoran, 6 2,2-bis{4- [6' -(N-cyclohexyl-N-methylamino)-3'-methylfluoran-2'-yl-amino]phenyl}propane, 7 6,6-bis(3-diethylaminofluoran) 8 showed excellent stability upon exposure to light.
In the present study, substantially colourless bisfluoran chromogenic materials having the structural formula were investigated.
The bisfluoran compounds were produced by nucleophilic aromatic substitution of 2'-chloro-6'-diethylaminofluoran, 9 2'-chloro-3'-methyl-6'-diethylaminofluoran 10 with var-ious diphenols in the presence of K 2 CO 3 . Suitable diphenols include, for example, 4,4'-isopropylidenediphenol (D 1 ), 1,1-bis(4-hydroxyphenyl)cyclohexane 11 (D 2 ), 1,1-bis(4-hydroxy-3-methylphenyl)cyclohexane 11 
, 2,5-bis(4-hydroxybenzylidene)cyclopentanone 14 (D 8 ), 2,6-bis(4-hydroxybenzylidene) cyclohexanone 14 (D 9 ).
EXPERIMENTAL
All melting points (m.p.) are uncorrected and expressed in ºC. The IR spectra were recorded on a Nicolet Impact-400 D FT-IR spectrophotometer using KBr pellets. The 1 H-NMR spectra were recorded on a Hitachi R-1500 instrument, using TMS as the internal standard, chemical shifts are given in d(ppm). The absorption spectra (l max ) of the fluoran compounds in toluene and 95 % acetic acid were recorded on a Shimadzu UV-240 instrument.
Preparation of bis-fluorans. (C)
General procedure. A mixture of each diphenol (0.01 mol), potassium carbonate (0.022 mol), 2'-chloro-6'-diethylaminofluoran (A) and/or 2'-chloro-3'methyl-6'-diethylaminofluoran (B) were refluxed in dimethylformamide (50 ml) for several hours (Table I ). The reaction progress was monitored by TLC (benzene : methanol 7 : 3). The mixture was hot filtered, washed with 25 ml dimethylformamide (3 portions) and concentrated to the half. Then crushed ice was added and the formed precipitates were filtered and recrystallized from ethanol. The solution of this compound in toluene is colourless while on contact with silica gel a colour is instantaneously formed as shown in Table I 
RESULTS AND DISCUSSION
Scheme 1 outlines the synthesis of the fluoran compounds (C). All the fluoran compounds (C) were characterized by elemental analysis as well as IR, 1 H-NMR and UV spectroscopy.
The IR spectra of the fluoran compounds showed the disappearance of the characteristic absorption band of the OH group, Cl group and the appearance of the ether group and other characteristic absorption bands for the rest of the molecules.
The absorption maxima in toluene and 95 % acetic acid of all the fluoran compounds (C) are shown in Table I . The existance of one peak in the spectrum of fluoran in toluene is due to the lactone form while the three peaks in 95 % acetic acid are due to the quinone, zwitterions and lactone form as reported previously. 15, 16 The solutions of these com-pounds in toluene were colourless but contact with silica gel leads to the instantaneous formation of the colour shown in Table I . This is due to the acidic nature of silica gel. The same colour appears with citric acid.
CONCLUSION
The chromogenic compounds of the present investigation are highly soluble in organic solvents leading to the formation of colourless solutions. Coloured solutions are formed in aqueous acidic solvents and when the organic solutions are contacted with acidic colour activating substances. Methyl substitution at the 3-position of the fluoran compound gave a more bathochromic shift compared to the unsubstituted fluoran compounds. 
